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(57) ABSTRACT

A method of synchronous digital operation and scan based
testing ol an integrated circuit using a tlip-tlop. The tlip-tlop
including a master latch having an mput and a clock pin; a
slave latch having an output, a first clock pin and a second
clock pin, the slave latch connected to the master latch; a first
AND gate having a first input, an inverted second imnput and an
output, the output of the first AND gate connected to the first
clock pin of the master latch; a second AND gate having a first
input, an mverted second input and an output, the output of the
second AND gate connected to the second mput of the first
AND gate and to the first clock pin of the slave latch.
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NEGATIVE EDGE FLIP-FLOPS FOR
MUXSCAN AND EDGE CLOCK
COMPATIBLE LSSD

FIELD OF THE INVENTION

The present invention relates to latches that provide clock
edge-triggered system behavior and improved methods of
testing, particularly 1n LSSD testing.

BACKGROUND OF THE INVENTION

Traditional positive and negative edge triggered scan
design requires precise control of the time scan and actual
data 1s presented to and transierred from the latches of scan
chains. These requirements create a burden 1n the chip design
cycle, 1in that the chip designer must ensure that all signals 1n
the scan chain path and data path arrive at the latch after the
clock edge arrtves. This 1s generally accomplished using
external circuitry. Thus the present methodologies are time-
consuming to implement and utilize relatively complicated
circuitry. Therefore, there 1s a need for a methodology that
overcomes the need for external circuitry and reduces the
burden on the designer.

SUMMARY OF THE INVENTION

A first aspect of the present invention 1s a thip-tlop, com-
prising: a master latch having an input and a clock pin; a slave
latch having an output, a first clock pin and a second clock pin,
the slave latch connected to the master latch; a first AND gate
having a first input, an iverted second input and an output,
the output of the first AND gate connected to the first clock
pin of the master latch; and a second AND gate having a first
input, an mnverted second input and an output, the output of the
second AND gate connected to the second mput of the first
AND gate and to the first clock pin of the slave latch.

A second aspect of the present invention 1s a method of
synchronous digital operation and scan based testing of an
integrated circuit, comprising: providing a flip-flop compris-
ing: a master latch having an mput and a clock pin; a slave
latch having an output, a first clock pin and a second clock pin,
the slave latch connected to the master latch; and capturing
data presented at the input of the master latch and transferring
data stored in the master latch to the slave latch in response to
a negative edge of a first clock signal on the clock pin of the
master latch; launching data stored in the slave latch to the
output of the slave latch in response to the negative edge of the
first clock signal; and capturing data presented at the input of
the master latch 1n response to a positive edge of a second
clock signal on the clock pin of the master latch.

BRIEF DESCRIPTION OF DRAWINGS

The features of the invention are set forth 1n the appended
claims. The invention 1tself, however, will be best understood
by reference to the following detailed description of an illus-
trative embodiment when read in conjunction with the
accompanying drawings, wherein:

FIG. 1 1s a schematic of an exemplary LSSD scan chain
utilizing flip-tlops according to embodiments of the present
invention;

FI1G. 2 1s a schematic diagram of first flip-flop according to
a first embodiment of the present invention;

FI1G. 3 1s a schematic diagram of a second flip-tlop accord-
ing to a second embodiment of the present invention;
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FIG. 4A 1s an equivalent circuit and FIG. 4B 1s a timing
diagram of the first flip-flop of FIG. 2 under normal operating
conditions;

FIG. 5A 1s an equivalent circuit under test conditions, FIG.
5B 15 a timing diagram during scan chain loading and FI1G. 5C
1s a timing diagram during test of the first tlip-tlop of FIG. 2;

FIG. 6A 1s an equivalent circuit and FIG. 6B 1s a timing,
diagram of the second tlip-tlop of FIG. 3 under normal oper-
ating conditions;

FIG. 7A 1s an equivalent circuit under test conditions, FIG.
7B 1s a timing diagram during scan chain loading and FI1G. 7C
1s a timing diagram during test of the second tlip-tlop of FIG.
3: and

FIG. 8A 1s an equivalent circuit under at speed test condi-

tions and FIG. 8B 1s a timing diagram during at speed test of
the first flip-flop of FIG. 2 or the second flip-flop of FIG. 3.

DETAILED DESCRIPTION OF THE INVENTION

In LSSD testing, an integrated circuit chip having logic
circuits 1s fabricated with scan chains that allow testing of the
integrated circuit chip logic circuits. A negative edge of a
signal 1s defined as the falling edge of the signal (e.g. the
transition from a logical one to a logical zero). A logical zero
on a signal 1s equivalent to a “low” on the signal and a logical
one 1s equivalent to a “high” on the signal. A clock period 1s
the time duration of adjacent high and low assertions. For the
purposes ol the present invention, a clock signal 1s asserted
when 1t 1s 1n the high state.

FIG. 1 1s a schematic of an exemplary LSSD scan chain
utilizing latches according to embodiments of the present
invention. In FIG. 1 an exemplary scan chain 100 includes a
set of thp-tlops 105 connected 1n series. Each flip-flop 105
includes at least one clock mput pin (C), a scan mnputpin (I) a
data mput pin (D) and an output pin (Q). The output of each
tlip-flop 1s connected to the scan input of the next flip-tlop 105
in the series except the output of the last flip-flop 105 1s
connected to a scan out pin. The scan input of the first flip-tlop
105 1n the series 1s connected to a scan-1n pin. Logic circuits
110 that perform the normal functions of the integrated circuit
chip are connected between the output and mput of two dii-
terent thp-tlops 105.

In normal operating mode, flip-tlops 103 are set to transmit
signals between their data inputs to their data outputs. In test
mode, a vector of test data (typically a series of logical ones
(1) and logical zeros (0)) 1s serially loaded into tlip-tlops 105
of through the scan 1n pin, the data passed from the data output
of one thp-flop 105 to the data input of another flip-tflop 105
through logic circuits 110, and then resultant vector 1s serially
unloaded from flip-flops 105 san chain through the scan out
pin.
While six flip-flops 105 are 1llustrated 1n FI1G. 1, 1t should
be understood, that LSSD scan chains may include any num-
ber of tlip-flops 105 and scan chains having several thousand
tlip-flops 103 1s not unusual. Likewise, more than two flip-
flops 105 may be connected to the same logic circuit 110.
While all flip-tlops 105 may be 1dentical, generally all logic
circuit 110 are not 1dentical.

FIG. 2 1s a schematic diagram of flip-flop according to a
first embodiment of the present invention. In FIG. 2, a single-
port mux-driven negative edge triggered gate tlip-tlop (MNG)
105A comprises a master/slave latch having a master (LL1)
section and a slave (L2) section, a multiplexer (IMUX), a first
AND gate Al and a second AND gate A2. The MUX has a
scan mput pin (1) and a data input pin (D) and 1s responsive to
a scan enable signal (SE). The output of the MUX 1s con-
nected to the single data input pin of L1. The output of first
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AND gate Al 1s connected to a single clock pin of L1 and the
output of second AND gate A2 1s connected to a first clock pin
of L2. A first clock signal (B CLK) 1s connected to a second
clock pinof L2. A second clock signal (C1 CLK) 1s connected
to a first input of first AND gate Al. The output of second
AND gate A2 1s also connected to a second and inverted input
of first AND gate Al. A third clock signal (C2 CLK) 1s
connected to a first input of second AND gate A2 and a fourth
clock signal (E CLK) 1s connected to a second and mnverted
input of second AND gate A2.

The test signals are SE, C1 CLK, C2 CLK, B CLK and I.
The system (normal operation) signals are D, Q and E CLK.
C1 CLK clocks scan data 1 (or system data D) into L1, C2
CLK clocks L2 from L1 and B CLK shiits data in L1 of a
previous latch into L2 of the next sequential L1 for scan
shifting (loading the scan test vector into the scan chains).

FIG. 3 1s a schematic diagram of flip-tflop according to a
second embodiment of the present invention. In FIG. 2, a
dual-port negative edge triggered gate flip-tlop (LNG) 105A
comprises a master/slave latch having a master (1) section
and a slave (LL2) section, a first AND gate Al and a second
AND gate A2. L1 has a scan input pin (I) and a data input pin
(D). The output of first AND gate Al 1s connected to a first
clock mput pin of L1 and the output of second AND gate A2
1s connected to a first clock pin of L2. A first clock signal (B
CLK) 1s connected to a second clock pin of L2. A second
clock signal (C1 CLK) i1s connected to a first mnput of first
AND gate Al. The output of second AND gate A2 1s also
connected to a second and 1inverted mput of first AND gate Al.
A third clock signal (C2 CLK) 1s connected to a first input of
second AND gate A2 and a fourth clock signal (E CLK) 1s
connected to a second and mverted input of second AND gate
A2. A fifth clock signal (A CLK) 1s connected to a second
clock pin of L1.

The test signals are C1 CLK, C2 CLK, B CLK, A CLK and
I. The system signals are D, Q and E CLK. A CLK clocks scan
data 1 mto L1, C1 CLK clocks system data D into L1.

FIG. 4A 1s an equivalent circuit and FIG. 4B 1s a timing,
diagram of the first flip-flop of FIG. 2 under normal operating
conditions. For normal operation the test signals are held
inactive, SE=0, C1 CLK=1, C2=CLK=1, B CLK=0 and
[="don’t care.” “Don’t care” can be a logical one or a logical
zero. Under normal operating conditions MNG 105A of FIG.
2 reduces an equivalent circuit MNG 105A1 comprising L1
having a D input pin and a clock pin connected to E CLK and
[.2 having a Q output and a clock pin connected to E CLK.
Data D1, D2, D3 . .. 1s transierred from input pin D to output
pin Q on the negative edge of E CLK.

FIG. SA 1s an equivalent circuit under test conditions, FIG.
5B 1s a timing diagram during scan chain loading and FIG. 5C
1s a timing diagram during test of the first tlip-tlop of FIG. 2.
For test operations CLK E =“don’t care.” Under test condi-
tions MNG 105A of FIG. 2 reduces to an equivalent circuit
MNG 105A2 comprising the first AND gate A1, L1, L2 and
MUX. The output of first AND gate Al 1s connected to the
clockpmof L1, C2 CLK 1s connected the second and inverted
input of first AND gate Al and to the first clock mput of L2,
and C1 CLK 1s connected to the first input of first AND gate
Al. B CLK 1s connected to the second clock input of L2. The
MUX 1s connected to the data input of L1 and has a scan input
pin (1) and data input pin (D) and 1s responsive to scan enable
signal (SE).

In FIG. 5B, during scan chain loading (and unloading)

SE=1,11,12...1sloaded into L1 when C1 CLK 1s asserted (C
CLK=1) and transferred to L.2 when B CLK 1s asserted (B
CLK=1).
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In FIG. 5C, during testing (launch/capture) SE=0, B
CLK=0, testdata D1, D2 .. .1s launched into the logic circuits
from L1 when C2 CLK 1s asserted (C2 CLK=1) and captured
by L2 from the logic circuits when C1 CLK 1s asserted (C1
CLK=1).

FIG. 6A 1s an equivalent circuit and FIG. 6B 1s a timing
diagram of the second tlip-tlop of FIG. 3 under normal oper-
ating conditions. For normal operation the test signals are
held 1nactive C1 CLK=1, C2=CLK=1, B CLK=0, A CLK=0
and [="don’t care.” Under normal operating conditions LNG
105A of FIG. 2 reduces to an equivalent circuit LNG 1035B1
comprising .1 having a D input pin and a clock pin connected
to E CLK and L2 having a Q output and an inverted clock pin
connected to E CLK. Data D1, D2, D3 ... 1s transferred from
input pin D to output pin Q on the negative edge of E CLK.

FIG. 7A 1s an equivalent circuit under test conditions, FIG.
7C 1s a timing diagram during scan chain loading and FI1G. 7C
1s a timing diagram during test of the second tlip-tlop of FIG.
3. For test operations CLK E=*don’t care.” Under test con-
ditions LNG 105B of FIG. 3 reduces to an equivalent circuit
LNG 105B2 comprising the first AND gate Al, L1, and L2.
The output of first AND gate Al 1s connected to the first clock
pinol L1, C2 CLK is connected the second and 1inverted input
of first AND gate Al and to the first clock mmputof L2, and C1
CLK 1s connected to the first input of first AND gate Al. A
CLK 1s connected to the second clock input of L1 and B CLK
1s connected to the second clock mput of L2.

In FIG. 7B, during scan chain loading (and unloading) 11,
12 . ..1sloaded mnto L1 when C1 CLK 1s asserted (C1 CLK=1)
and transferred to L2 when B CLK 1s asserted (B CLK=1).

In FIG. 7C, during testing (launch/capture) SE=0, B
CLK=0, testdata D1, D2 .. .1s launched into the logic circuits
from L1 when C2 CLK 1s asserted (C2 CLK=1) and captured
by L2 from the logic circuits when C1 CLK 1s asserted (C1
CLK=1).

FIG. 8A 1s an equivalent circuit under at speed test condi-
tions and FIG. 8B 1s a timing diagram during at speed test of
the first tlip-tlop of FI1G. 2 or the second flip-tlop of FIG. 3. At
speed testing means test data i1s cycled through the logic
circuits at normal operational speeds rather than at test
speeds. Typically test clocks C1 CK, C2 CLK, B CLK and A
CLK run at lower frequencies than system E CLK. At speed
testing utilizes E CLK for shifting test data from L1 to L2
rather than the C1 CLK and the C2 CLK. For at speed test
operations A CLK=0 and B CLK=0. Under test conditions
MNG 105A of FIG. 2 and LNG 105B of FIG. 3 both reduce
to an equivalent circuit MNG/LNG 105A3/105B3 compris-
ing the an AND gate A3, an mverter 11, L1, and L2. The
output of AND gate A3 1s connected to the first clock pin of
L1, E CLK is connected the second input of AND gate A3 and
to the first clock input o1 L2, and C1 CLK 1s connected to the
first input of AND gate A3. E CLK 1s also connected to the
inverted first clock mput pin of L2.

In FIG. 8B, E CLK 1s ANDed with C1 CLK to produce the
signal at L1 CLK INPUT. In this example the test clock C1
CLK has a frequency of half that of system CLK C1. In
system mode L1 will latch data when E CLK 1s a logical one
and .2 will latch data when E CLK 1s a logical zero. In test
mode, .1 will latch data when L1 CLK INPUT 1s a logical
one and L2 will latch data when E CLK 1s a logical zero.
Therefore C1 can beused to selectively cycle ECLK while L1
CLK 1s or 1s not pulsed high in concert with E CLK. This
allows at-speed testing whereby (1) a test pattern scanned into
L1 latches of flip-tflops 105 of scan chain 100 (see FIG. 1)
while C1 1s heldlow to block L1 CLK, (2) will be launched by
[.2 latches of flip-tflops 105 into combinational logic 1n
response to first negative pulse on E CLK, and (3) the test
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pattern results will be captured into the L1 latches in response
to both the next positive pulse on E CLK and by bringing C2
high prior to this next positive pulse.

Thus the embodiments of the present invention provide a
scan-based testing methodology that overcomes the need for
external circuitry and reduces the burden on the designer as
well as a methodology for at-speed testing.

The description of the embodiments of the present mven-
tion 1s griven above for the understanding of the present inven-
tion. It will be understood that the invention 1s not limited to
the particular embodiments described herein, but 1s capable
ol various modifications, rearrangements and substitutions as
will now become apparent to those skilled 1n the art without
departing from the scope of the ivention. Therefore, 1t 1s
intended that the following claims cover all such modifica-
tions and changes as fall within the true spirit and scope of the
invention.

What 1s claimed 1s:

1. A thip-tlop, comprising:

a master latch having a data mput and a clock pin, said
master latch configured to capture data presented at said
data input of said master latch and to transfer data stored
in said master latch to said slave latch in response to a
negative edge of a clock signal presented to said clock
pin of said master latch;

a slave latch having a data output, a first clock pin and a
second clock pin, said slave latch connected to said

10

15

20

25

6

master latch, said slave latch configured to launch data
stored 1n said slave latch to said output of said slave latch
in response to a negative edge of a clock signal presented
to said first clock pin of said slave latch, said slave latch
configured to load data stored in said master latch 1n
response to a clock signal presented to said second clock
pin of said slave latch, said second clock pin of said slave
latch connected to a third clock signal;

a multiplexer having first and second data 1nputs, a select

mput and an output, said output of said multiplexer
connected to said data input of said master latch;

a first AND gate having a first input connected to a second

clock signal, an 1nverted second input and an output, said
output of said first AND gate connected to said first clock
pin ol said master latch;

a second AND gate having a {irst input, an inverted second

input and an output, said output of said second AND gate
connected to said second input of said first AND gate and
to said first clock pin of said slave latch, said first input
of said second AND gate connected to a fourth clock
signal, said second mput of said second AND gate con-
nected to a first clock signal; and

wherein said first, second, third and fourth clock signals are

different clock signals.
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